either with p84 or p101, demonstrating a specific, tight interaction between p84 and p110γ. Immunoblotting These results demonstrate that the expression of both p84 and p101 is dependent on p110γ. They also with an anti-(EE) antibody revealed p101 and p84 were similarly expressed in these experiments. The anti-(EE) highlight the problems in interpreting the molecular origins of the interesting phenotype of p110γ −/− mice as immunoprecipitates prepared in these experiments were eluted and assayed for PI3K activity; only when these animals are also substantially deficient in p101 and p84. The recent development of p110γ kinasep110γ was associated with p84 could we detect Gβγ-stimulated PI3K activity ( Figure 2B ). dead, knockin (PI3K KD/KD ) mice, which should not have altered p101 nor p84 expression, has revealed that To more fully characterize the catalytic properties of the p84/p110γ heterodimer, we prepared parallel prepamany features of the p110γ −/− phenotype are the result of loss of p110γ catalytic activity, and hence, the conserations of (EE)-p84/p110γ and (EE)-p101/p110γ by anti-(EE) immunoprecipitation from lysates of relevantly quences of partial deficiencies in p101 and p84 must be small or they substantially manifest via p110γ. However, infected Sf9 cells. The protein preparations were substantially pure showing that interactions between p84 analysis of PI3K KD/KD mice has shown they do not present the same aspects of the cardiac phenotype of and p110γ were direct and the near stoichiometric recovery of p110γ confirmed the high affinity of their inp110γ −/− mice. Evidence was presented that shows that this discrepancy may result from p110γ acting as a teraction. PI3K assays were performed on these proteins and revealed p84/p110γ heterodimers, although scaffold for a complex containing phosphodiesterase 3B (PDE3B) [10] . Our results indicate it is also possible substantially activated by Gβ 1 γ 2 , were approximately four times less sensitive to Gβ 1 γ 2 than p101/p110γ (Figthese p110γ:PDE3B interactions could be via p84 and/ or p101. ure 2C). lation in the presence of p110γ and Gβ 1 γ 2 . The extent and comparison of the PI3K activity that (via their depletion from the cytosolic fractions) appeared in these of augmentation by p84 was significantly less than that with p101. Western blots were performed to assess the immunoprecipitates suggests the major p110γ adaptor in murine neutrophils is p101. quantity of the (EE)-proteins expressed in the experiments and revealed a similar expression of (EE)-p84 and (EE)-p101 ( Figure 3B) .
Regulation of p110␥ by p84 In Vivo Regulation of p110␥ by p84 In Vitro

Conclusions
We previously cloned and characterized p101, the hithWe further tested whether endogenous p84 could interact with endogenous p110γ in mouse neutrophils.
erto only known regulatory subunit of p110γ [7] . Here, we present data describing a second regulatory subunit Using anti-p84 antiserum, we immunoprecipitated the endogenous p84 from neutrophil cytosolic fractions of p110γ, p84. Both regulatory subunits are mainly expressed in cells of haematopoietic origin. Based on its and performed kinase assays with liposomes containing PtdIns(4,5)P 2 and [γ 32 P]-ATP ( Figure 4A ). For conprimary structure p84 has low homology with p101. Indeed, only 30% identity was found between the two trols, we performed immunoprecipitations with a preimmune antiserum (from the animal that generated proteins, mainly in the N-and C-terminal ends. However, previous work in our laboratory showed that these the anti-p84 antibody) and an anti-p101 antiserum and also used cytosolic fractions from the neutrophils of two areas were important for the interaction of p101 with p110γ and that the N terminus of p101 was absop110γ −/− mice. We could specifically immunoprecipitate PI3K activlutely required for the Gβγ activation of p110γ [11] . In this report, we have demonstrated that p84 can ity from murine neutrophil cytosol fractions with antip84-antiserum ( Figure 4B ). Parallel immunoprecipibind to p110γ in vitro and in vivo and by doing so substantially augmented the activation of p110γ by Gβγs. tations from matched cytosolic fractions, prepared from p110γ −/− murine neutrophils, failed to specifically At present, we can only speculate about the possible significance of there being two potential regulatory immunoprecipitate any PI3K activity (i.e., the activity detected was the same as the preimmune control). This subunits for p110γ. The fact that both p84 and p101 have been faithfully conserved and yet can be found suggests endogenous p84 is associated with a PI3K activity that is due to p110γ. Examination of the relative expressed in the same cell types suggests that they contribute significantly different properties to p110γ extents of immunoprecipitation of p84, p101, and p110γ ) were immunoprecipitated with anti-p84 polyclonal antibody. As controls, the relevant preimmune serum or an antip101 polyclonal serum were used in parallel. The immunoprecipitates were subjected to PI3K assays with liposomes containing PtdIns(4,5)P 2 in the absence of Gβγs. The assays were stopped, extracted, deacylated, and resolved by HPLC and [ 32
